Background: The Doppler effect has allowed the characterization of several vessels in maternal-fetal circulation that have been used for practical purposes. Our review of the literature showed a paucity of information about fetal pulmonary artery pressure (FMPAP) and its behavior in regard to gestational age (GA). The objectives of the study were to evaluate a formula to calculate the main FMPAP and its correlation with GA. Methods: A total of 337 fetuses without obvious pathology were studied prospectively using Doppler evaluation of the FMPAP. Using the fetal main pulmonary artery Doppler acceleration time (FMPAT), we obtained the FMPAP using the following formula: FMPAP = 90 -(0.62 × FMPAT). Regression analyses, Pearson's bivariate correlation and paired sample t-test were used when appropriate. Results: FMPAT increases while FMPAP decreases with GA. Pearson's correlation coefficient for FMPAP and GA was −0.544 (P-value < 0.001) and for FMPAT and GA was 0.556 (P-value < 0.001). FMPAP and FMPAT were highly correlated (R = −0.972; P < 0.001). Conclusion: Pulmonary artery pressure in the fetus decreases with GA.
Introduction
The Doppler effect allows the measurement of many variables associated with fetal hemodynamics. Such measurements have permitted the characterization of many vessels in maternal-fetal circulation and thus monitor maternal and fetal condition and wellbeing. Several studies have reported reference values for variables such as systolic and diastolic velocities, pulsatility index, acceleration time, deceleration time and ejection time for gestational age (GA). Some of these have been used for practical purposes, such as methods of predicting fetal lung maturity [1, 2] .
The importance of Doppler as a non-invasive method of estimating the pulmonary artery pressure in neonates and adults has been demonstrated in numerous studies [3] [4] [5] [6] [7] . In the fetus, the Doppler evaluation of the main pulmonary artery has been shown to be useful in the analysis of the impedance of such vascular systems and changes in those variables have been demonstrated to correlate with GA, fetal lung maturity and neonatal outcomes [1, 2, [8] [9] [10] [11] . Our review of the literature showed a lack of information about fetal main pulmonary artery pressure (FMPAP) and its behavior in regard to GA.
Several formulas have been proposed in order to estimate the pulmonary artery pressure using the Doppler wave acceleration time [12] [13] [14] [15] [16] [17] [18] . Dabestani et al. found excellent correlation (R = 0.98) between the formula [pulmonary artery pressure = 90 -(0.62 × fetal main pulmonary artery acceleration time)] and the actual pulmonary artery pressure [19] .
In this study, we aimed to evaluate the estimated FMPAP calculated using the formula proposed by Dabestani et al. [19] and its correlation with GA.
Materials and methods
This study was approved by the Ethics Committee of the hospital in which the patients were enrolled from Centro Policlínico Valencia (CPV). This is a prospective study that included 337 pregnant women considered low risk and well dated (first trimester ultrasound). These cases were managed in the Unidad de Diagnostico Perinatal (UDP)-CPV, Venezuela. During the period of January-April 2015. Three hundred and thirty seven fetuses between 13 and 38 weeks of gestation and considered normal were assessed with Doppler. Such fetuses showed a normal growth pattern and no significant morbidity were noted in the first 72 h of life.
The Doppler evaluation was obtained using pulse wave Doppler and interrogating the fetal main pulmonary artery in the area next to the opening of the pulmonary valve. The angle of insonation was maintained at less than 30 degrees. Once the waves were obtained, the fetal main pulmonary artery acceleration time (FMPAT) in milliseconds was measured in at least six waves and an average was calculated. Acceleration time is defined as the time period from the onset of systolic flow through the pulmonary valve to the peak systolic velocity. The ultrasound system used was the Esaote MyLab Twice (transducer BC431) (Esaote, Genoa, Italy). The FMPAT was used in the formula: FMPAP = 90 -(0.62 × FMPAT). The intraobserver reliability of the acceleration time measurement was calculated utilizing the intraclass correlation in 100 cases.
A P-value of <0.05 was used to determine statistical significance. Data were analyzed using quadratic curve regression. Pearson's bivariate correlation was used when appropriate. A paired sample t-test was used to compare the mean FMPAT and FMPAP of cases at 34 and those at 38 weeks of gestation. The analyses were performed using SPSS 13.0 (SPSS Inc., Chicago, USA). The results are presented in tables and graphs.
Results
The estimated FMPAP decreased as GA advanced. The FMPAT increased with advancing GA. This is shown in Figures 1 and 2 . Both estimated arterial pressure and acceleration time were significantly correlated with GA (R −0.544 and 0.556, respectively; P-value < 0.001).
As expected (given the formula used), the FMPAP and the FMPAT were highly correlated (R 2 −0.972; P-value < 0.001).
Thirty cases at 34 weeks of gestation were compared with 30 cases at 38 weeks of gestation and a significant difference was noticed in FMPAT (54.51 ± 11.20 vs. 76.03 ± 15.79 ms, respectively) and FMPAP (76.03 ± 15.79 vs. 43.10 ± 11.69 mm Hg, respectively); (P < 0.001) (see Figure 3 ).
Discussion
The results of this study suggest that the estimated FMPAP calculated using the formula above, decreases with advancing GA. This finding supports previous reports that show a decreased impedance in the pulmonary vasculature as the fetus approaches term, as well as the potential utility of the formula proposed by Dabestani et al. in the estimation of FMPAP [1, 2, 9, 11, 20] .
Using a non-invasive estimation of the MFPAP may help predict whether neonatal pulmonary hypertension will be diagnosed postnatally. This hypothesis is being evaluated by our group. Prognosis and prediction of pulmonary hypertension in cases of congenital diaphragmatic hernia may represent a practical example of the applicability of the method [21] . The work by Kitabatake et al. [14] suggested a way of measuring the pulmonary artery pressure by using Doppler velocimetry and in this publication, reference is made to previous authors [17, [22] [23] [24] who proposed abnormalities in the movement of the pulmonary valve in cases of pulmonary hypertension. These abnormalities in movement of the pulmonary valve included a rapid systolic opening with decreased or absence of the "a" and a prolongation of the right ventricle pre-ejection/ejection time ratio. Kitabatake et al. [14] reported a negative correlation (−0.90) between acceleration time/ejection time ratio of the pulmonary artery and the pulmonary artery pressure in postnatal cases.
Our group has previously reported a progressive prolongation of the acceleration time and therefore an increase in AT/ET ratio as GA advances [2] . In addition, we previously published a positive correlation between AT/ET ratio (PATET) with lung maturity testing via amniocentesis [1] . However, to the best of our knowledge this study is the first one to report estimates of FMPAP non-invasively by using Doppler evaluation and using the formula described.
Martin-Duran et al. [15] reported that the analysis of the pulmonary flow is a reliable tool in the evaluation of the pulmonary pressure; especially, when evaluating the total pulmonary resistance. Furthermore, they report the acceleration time as the variable that correlates best.
Subhedar and Shaw [25] reported that the pulmonary artery pressure in neonates with respiratory distress syndrome is increased and it decreases as this resolves. The contrary happens when the condition evolves into chronic lung disease [16] .
As a valid alternative to evaluate the pulmonary vascular resistance Chaoui et al. [20] reported the use of numerical variables to apply over the pulmonary Doppler wave including the acceleration/ejection time ratio. This ratio correlates inversely with the arterial pressure of the vessel being evaluated. Kitabatake et al. [14] reported similar results. Granstam et al. [12] reported that values of acceleration time <100 ms indicate a high probability of pulmonary hypertension.
In conclusion, the Doppler velocimetry has demonstrated to be of utility when evaluating not only fetal pulmonary maturity but now we have some evidence to suggest its utility in evaluating the FMPAP and we hypothesize that further studies may prove that estimates of the MFPAP may predict whether or not the neonate will develop pulmonary hypertension. Competing interests: The funding organization(s) played no role in the study design; in the collection, analysis, and interpretation of data; in the writing of the report; or in the decision to submit the report for publication.
